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Abstract: The aim of this study was to investigate the relationship between postprandial glycemic levels based
on flash-monitoring and the production of intestinal hydrogen (H2) and methane (CH4) gases based on
measurement of the amount of these gases in exhaled air. We studied 14 subjects with type 2 diabetes mellitus
(T2DM) and 10 individuals without diabetes (control) with 3 food-load tests with simultaneous determination
of gases in exhaled air and assessment of glucose levels. In 15.4% of patients with T2DM, there was a non-
significant increase in exhaled H2. However, all subjects in the control group had significant increase in exhaled
H2. Moreover, the level of H2 in exhaled breathafter food load in patients with T2DM was lower than in
normoglycemic subjects. Also, in normoglycemic subjects there was an inverse correlation between maximum
glucose rise and maximum H2 in exhaled air after food load. At the same time in patients with T2DM the level
of CH4 in exhaled air directly correlated with the parameters of postprandial glycemia in the test with lactulose.
Confirmation of a causal relationship between decreased H2 production, increased intestinal CH4 production,
and more severe postprandial glycemia may identify new therapeutic targets in the correction of postprandial
glycemia in patients with T2DM.
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1. Introduction

The dietary approach in patients with type 2 diabetes mellitus (T2DM) is recognized as an
important goal for maintaining optimal glycemic control and reduce the risk of late complications.
Dietary fiber (DF) is now an essential component of a healthy diet. According to World Health
Organization(WHO) recommendations, the daily dose of DF for adults should be at least 25 g [1].
According to the Academy of Nutrition and Dietetics (USA), the amount of DF per day should be
equal to 14 g of fiber per 1000 kcal, which generally corresponds to approximately 25g/day for adult
women and 38 g/day for adult men [2]. For patients with T2DM, it is also important to include DF in
amounts equivalent to those without T2DM [3].

Recommendations to increase the amount of DF in the diet are driven by the extensive evidence
that DF reduces the risk of a range of chronic diseases. For example, DF intake is associated with
reduced risk of cardiovascular disease [4], colorectal cancer [5,6], T2DM [7] and obesity [8]. Fiber
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intake is associated with a reduction in total cholesterol and low-density lipoprotein (LDL)
cholesterol.

DF affects the absorption of carbohydrates [9] and contributes to maintaining a healthy intestinal
microbiota metabolism by serving as a substrate for its fermentation. This fermentation process yields
short-chain fatty acids (SCFAs) [10], which, following upon absorption through the intestinal wall
into the bloodstream, exert beneficial effects on human metabolism. These effects include regulating
inflammation [11], optimizing the immune response [12], suppressing renin-angiotensin system
activity [13], mitigating sympathetic nervous system activity in myocardial reperfusion injuries [14],
and reducing levels of total cholesterol, LDL cholesterol while improving high-density lipoprotein
cholesterol (HDL) [15].

In addition to the formation of SCFAs, anaerobic fermentation of carbohydrates by the intestinal
microbiota initially produces hydrogen (H2) and, in some humans, methane (CH4) [16]. These gases
are partially absorbed through the intestinal wall into the blood and eliminated from the body by
respiration. Therefore, an increase in the concentration of intestinal gases in exhaled air indicates the
beginning of the fermentation process of DF by gut bacteria. This principle underprints basis of the
respiratory test for the detection of Small Intestinal Bacterial Overgrowth (SIBO) syndrome [17]. SIBO
is characterized by the presence of at least >105 colony-forming units of colonic bacteria per mL of
jejunal aspirate [18]. In general, the colonic bacteria in humans produce between 35 and 321 mL of
H2 per day [19], and perhaps as high as 12 L/day [20]. The amount of H2in the colon lumen depends
on many factors, mainly on the rate of H2 production and the rate of H2 utilization by different
representatives of the intestinal microbiota [21]. Thus, methane-producing archaea can metabolize
H2 and CO2 [22], resulting in the production of CH4, which can also be determined via breath tests
[23]. Therefore, the composition of the intestinal microbiota, in particular the presence of glycolytic
bacteria and methane-producing archaea, can be indirectly estimated from the breath test.

H2 has recently been shown to have antioxidant, anti-inflammatory, and antiapoptotic effects
[24,25,26]. H2 molecules freely diffuse into cells and neutralize the most reactive oxygen species
(ROS), such as hydroxyl radicals and peroxynitrite that in turns reduces the production of
proinflammatory molecules and subsequent apoptosis. In contrast, there is little evidence that
methanogenic bacteria provide therapeutic effects, and may even be implicated in various adverse
effects [27,28,29].

The production of H2 and CH4 depends on the amount and type of DF, which is a heterogeneous
group of compounds with different physicochemical properties [30]. This may account for differences
in their effects on metabolism in both T2DM patients and normoglycemic subjects. In addition, these
differences may be due to phenotypic, genetic, and other characteristics specific to individuals.
Currently, along with the recommendation to increase the intake of whole grains, vegetables, and
fruits as a source of DF, DF that are produced from natural raw materials are being incorporated into
healthy diets to provide more fiber in a small quantities [31]. These include inulin and guar gum
[32,33,34]. Their addition makes it possible to saturate the diet with DF and achieve the recommended
daily intake of DF.

In the literature available to us, the association between the level of intestinal gases (H2 and
CH4) in exhaled air with postprandial glycemia as measured by flash glucose monitoring in patients
with T2DM and normoglycemia has not been studied. Therefore, the aim of our study was to evaluate
the level of CH4 and H2 in exhaled air in response to the ingestion of different types of food load and
the association of these parameters with postprandial glycemia levels.

2. Materials and Methods

Fourteen patients with T2DM and ten individuals without diabetes (control group) were
included in the study.

Inclusion criteria for patients with T2DM were: established diagnosis of T2DM, BMI>30 kg/m?2,
age between 40 and 70 years, acceptable drugs such as those from the groups of SGLT-2i, DPP-4i,
metformin, SU derivatives, and willingness and ability to perform all study procedures, signed
informed consent.
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Exclusion criteria for patients with T2DM were: T1IDM, use of short- or ul-tra-short-acting
insulin and use of oral sugar-lowering drugs except metformin, SU, SGLT-2i, DPP-4i, gastrointestinal
form of autonomic neuropathy.

Inclusion criteria for the control group were age 25-55 years and signed informed consent.
Exclusion criteria for the control group were the presence of TIDM, T2DM, obesity or metabolic
syndrome.

General exclusion criteria for all study participants were: inflammatory bowel dis-ease, taking
antibiotics within 1 month before the study, taking pre- and probiotics within 1 week before the
study, taking prokinetics and laxatives, including lactulose within 1 week before the study, having
undergone colonoscopy or irrigoscopy within the last 4 weeks before the study, and impaired
cognitive abilities.

Twenty-four hours before inclusion in the study, participants were advised to ex-clude foods
containing DF from their diet.

The study was approved by the Local Ethic Committee (protocol #5 of 14 April 2022).

During the study, subjects underwent 3 food-load tests with simultaneous deter-mination of
gases in exhaled air (performance of hydrogen/methane breath test) and assessment of glucose levels
in interstitial fluid. All tests were carried out in the morning hours on an empty stomach, consistently
150 g of boiled buckwheat groats in combination with inulin 30 g, 150 g of boiled buckwheat groats
with guar gum 30 g (Optifiber®), lactulose 20 g were used as a food load instead of the usual
breakfast. The nutritional load was given from 7:30 to 10:00 am.

Inulin produced in the Netherlands was used in the study (Composition: per 100 g - 90 g fiber,
0 g protein, 0 g fat, 7 g carbohydrates, caloric value - 208 kcal). Guar gum (Optifiber®): extract of
Cyamopsis tetraganoloba fruit, manufacturer Nestle Health Science (Deutschland) GmbH, Osthofen
(Germany). Lactulose 667 mg/mL (Portalac® syrup), manufacturer Belupo (Republic of Croatia).

For continuous glucose monitoring (CGM), each participant was fitted with a FreeStyleLibre
(FSL) sensor at least 2 days before the food-load tests. Patients were trained in the use of the FSL
sensor. For adequate data collection, it was recommended to read the sensor using a reader or a
smartphone with the FreeStyleLibreLink app installed at least every 8 hours, even outside of the tests.
Glucose results were analysed via the LibreView cloud-based monitoring system based on generated
reports from compatible FreeStyle glucose monitoring devices. Determination of gases in exhaled air
was performed during the hydrogen-methane breath test, a modern non-invasive method for
diagnosing gut microflora disorders based on the determination of H2 and CH4 concentration in
exhaled air.

The test consisted of collecting exhaled air samples (on an empty stomach and every 20 min after
a food load for 3 h: 10 samples per breath test) in aluminized plastic bags (Guangzhou Itingbaby Tech
Co., China) from which the air was analysed for hydrogen H2,CH4 and oxygen (O2) on a gas analyser
(GastroCH4ECK by Bedfont, UK) no later than 7 days after the breath test and exhaled air sampling.
H2 and CH4 concentrations were adjusted for true oxygen content for standardization to alveolar gas
levels and presented in ppm (parts per million). Participants, who’s peak CH4 production in exhaled
air during the 90 min test was 3 ppm or more, were considered to be PCH4. Participants, who's peak
H2 production in exhaled air during the 90 min test was 20 ppm or more, were considered to be PH2.
When concentrations of both gases exceeded cut-off levels (CH4 >3 ppm and H2 >20 ppm),
participants were considered to be PCH4+H2, whereas participants with low gas concentrations
(CH4<3 ppm and H2<20 ppm) in the test were regarded as weak CH4 and H2 producers
(WPCH4+H?2).

Based on A(G) from baseline and duration of its rise after food load, AUCrel(G) was calculated.
The amplitude of gases and them tmax after food load were analysed, AUCabs(H2), AUCabs(CH4)
was calculated.

Statistical analysis of the results was performed using IBM SPSS Statistics software, version 26
using standard methods of variation statistics. All data are presented as median [quartilel; quartile3]
(Me [Q1; Q3]); mean + standard deviation of the mean (Mean + SD). Normality of distribution was
checked using the Shapiro-Wilk criterion. Comparison of the results of respiratory tests with the
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frequency of more than 3 measured points was performed using the calculation of AUC. The A(H2),
A(CH4) was estimated as the difference between baseline (before DF intake) and the maximum level
of the index. Analysis of variance with the Friedman test was used to compare data for dependent
samples with non-normal distribution. The Mann-Whitney test was used for intergroup comparison
of two independent samples. Nonparametric correlations were calculated using the Spearman rank
correlation coefficient, parametric correlations were calculated using the Pearson correlation
coefficient.

Differences were considered statistically significant at p<0.05. Since the study was a pilot project,
the sample size was not calculated in advance.

3. Results

3.1. Subject Characteristics

This section may be divided by subheadings. It should provide a concise and precise description
of the experimental results, their interpretation, as well as the experimental conclusions that can be
drawn. The study included 14 patients with T2DM (78.6% female) and 10 controls (90% female).
There were 71 food load tests: 41 tests in T2DM patients and 30 tests in the control group, including
23 with lactulose, 24 with guar gum and 24 with inulin. Characteristics of the study participants are
presented in Table 1.

Table 1. Characteristics of the study participants.

Subject characteristics T2DM Control
Number of subjects, (%) 14 (78.6%) 10 (90%)
Age 58 [54.0; 62.3] 35.5[27.5; 52.0]
Weight (kg) 111.5[92.0; 123.3] 59.5 [54.0; 64.3]
BMI' (kg/m2) 42.3 [35.6; 47.7] 21.9[19.6; 23.6]
HbA1cX(%) 8.4[6.9;9.9] -

! Dates are presented as Me [Q1; Q3]. BMI — body mass index; HbAlc - glycated hemoglobin.

Doses and type of glucose-lowering medications therapy in patients with T2DM did not change
during the study. The majority of patients received metformin (71.4%), 57.1% - sulfonylurea (SU),
50.0% - sodium-glucose co-transporter type 2 inhibitors (SGLT-2i), 21.4% - dipeptidyl peptidase type
4 inhibitors (DPP-4i), 14.3% - insulin. Statins were received by 42.9% of T2DM patients. Participants
in the control group received no medications.

3.2. Gas Production Analysis

Intestinal gas production up to 90 minutes after lactulose administration hardly increased in
46.2% of T2DM patients, while all those in the control group had gas production within 90 min. Based
on the character of intestinal gas production before 90 min in the test patients with T2DM, patients
were divided into predominantly hydrogen producers (PH2) (30.8%), CH4 andH2 producers
(PCH4+H2)(7.6%), or methane producers (PCH4) (15.4%). In the control group these ratios were PH2
(30.0%), PCH4+H2 (60.0%), and PCH4 (10.0%) (Figure 1).
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Figure 1. Distribution of study participants depending on the release of H2 and CH4 during a
lactulose breath test (up to 90 minutes of the test). PCH4 — methane release > 3 ppm; PH2 hydrogen
release > 20 ppm; PCH4+/H2+ simultaneous release of methane > 3 ppm and hydrogen > 20 ppm;
PCH4-/H2- — methane release <3 ppm, hydrogen <20 ppm.

H2 production within 180 minutes after lactulose administration was noted in 84.6 % of T2DM

patients (69.2 % of which were PH2) and in all control subjects (70.0% of PCH4+H2 and 30.0% PH?2)
(Figure 2).

T2DM Control group
pere [ 54 ectes/ty | <
PCHa+ 7.7 PCHq+ 10.0
PHy+ 69.2 PHy+ 30.0
PCHa-/Haz- 77 PCHs-/Hx 0

(%) 0 0 40 60 B (%)

Figure 2. Distribution of participants in the study group and the control group depending on the
release of H2 and CHa during a breath test. PCHs — methane release > 3 ppm; PHz hydrogen release >

20 ppm; PCHa+/Ho+ simultaneous release of methane > 3 ppm and hydrogen > 20 ppm; PCHs-/Ho- —
methane release <3 ppm, hydrogen <20 ppm.

H2 production was maximal on inulin administration in both T2DM patients and controls (Table
2). Specifically,the absolute area under the curve (AUCabs)of Hzandthe amplitude (A) of Hawere
significantly higher on inulin compared to guar gum intake (p<0.05), and on lactulose compared to
guar gum intake (p<0.05), with no significant differences between inulin and lactulose intake.

Table 2. Indicators of gas production during tests with lactulose and dietary fibers in T2DM patients
and control group.

Me Lactulose guar gum Inulin
Groups  1I[Q1;Q3]
2) Mean + SD H: CHa4 H: CHa H: CHa4
1) 96 2 43 3 105
A 1)4[1,44
UCabs [65;118] [1;4] [34; 70] [2;21] [70; 151] ) 4 [144]
(ppm) 2) 38+69
T2DM 2)93+41  2)44287 2)50+28  2)23x44  2) 11762
A 1) 61 D1 117 D1 1) 71 1)1
(opm) [30;66] (L2] [8;33] [-1,2] [44;81] [-1;2]
PP 2)58+36  2)1120 2)23+19  2)2+5  2) 69431 2) 245
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1) 160 1) 60 1) 140 1) 30 1) 170
tmax (min)  [140;180] [20;140] [80;160]  [0;75]  [120;180]
2)149+36  2) 75465 2) 120460 2)41+45  2) 148437

1) 142 1)15 1) 53 1)13 1) 186

1) 40 [0;110]
2) 54458

A 1) 11 [2;1
UCabs o015y [2a91]  (a274] (18] [11szesp DM 1Z136]
(ppm) 2) 87+134
2)163£70 2)86:125 2)64:34 2)65+103  2) 17564
A 1)92 1)3 1)20 1)2 1) 81 1)2
trol
C‘;Eum (ppm) [67:122]*  [131]  [15:29] [1,8] [62:89] [-1,20]
group 2)87+40  2)28+47  2)25:15  2)12:20  2)80+33  2) 14+24
1) 110 1) 50 1) 160 1)70 1)120
tmax o _ : _ : 1) 40 [0;60]
— 85135 [2590]  [130175] (20100  [100:140] 7 A

2) 114438  2)68+55  2) 146+40 2) 62+48  2) 120+39
*p <0.05 — between T2DM and control group; AUCabs (absolute areas under the curve), A (amplitude), tmax
(time to reach maximum levels).

Compared to the control group, the AUCabs(H2) were significantly lower (p<0.05) in patients
with T2DM in both the lactulose and inulin tests, but not the guar gum tests.

Thetime to reach maximum levels(tmax) Hzafter lactulose administration was about 50 min later
in T2DM patients compared to the control group (p<0.05). There were no significant differences in
tmax Hz between the tests within each of the study groups. The amplitude Hzwas significantly lower
(=31 ppm) in T2DM group compared to the control group after lactulose intake.

No significant differences in the degree of CHa increase(as measured by AUCabs(CHs) and
A(CHa4)) were observed in the T2DM group compared to the control group. However, there was a
tendency for greater CHs elevation in the control group on all types of nutritional loads (Table 2). In
the control group, a significant difference was obtained for A(CH4) in the test with lactulose
compared with inulin intake (p <0.05).

3.3. Glucose Level Analysis

The glucose curve was analyzed in both groups: amplitude (A(G)), and duration of glucose rise
was measured, and the relative area under the glycemic curve(AUCrel(G)) was calculated (Tables 3).

Table 3. Glucose levels during tests in the T2DM patients and control group.

1) Me Lactulose(a) guar gum(b) inulin (c)

2) l£/1Q63 1a;nQi]SD T2DM Control T2DM Control T2DM Control
AG) 1)0.7 1)0.3 1) 2.8t 1) 1.2¢ 1)2.8 1) 1.3*
P [0.3:09] [0.2:0.3] [1.7:3.5] [0.9:2.2] [2.1:3.3] + [0.9:1.6]

2)0.7¢05  2)0.5+0.7 2) 2.6+1.02 2) 1.5:0.7 2) 2.6+1.0 2) 1.40.7
_ 1)80 1) 90 1) 180 1) 130 1) 140 1) 110
Duration
_ [120;,170]  [75;165] [140;180] [80;180] [115;180] [95;165]
(min) 2)108:63  2) 108+50 2)154137 2)130:50  2)143+37 2) 120:41.1
1)36 D117 1) 200.7+ 1) 72.6* 1) 221.6t 1) 64.8*
AUCrel(G) [9.6;70.3] [3.3;19.0]

[107.4;301.5]  [49.6;101.3]  [157.1;297.0]  [55.9; 107.1]

(mM*min) 2) 2)
2) 210.3+126.9 2) 74.14£36.9  2) 221.8+107.6 2) 80.6+32.0

45.7+48,1 26.0+49.4
A(G) - the amplitude of glucose level, AUCrel(G) - the relative area under the glycemic curve from 0-180 min. p
- the validity of the differences; (a-b); [no differences with (b-c)]. *p <0.01; tp <0.0001.

Among all the loading tests, the minimal rise in glucose from baseline and AUCrel(G) were
observed on the background of lactulose intake, both in the group of T2DM patients and in the control
group, the difference with the intake of DF was significant (Table 3). No significant difference in A(G)
after inulin intake with buckwheat and after guar gum intake with buckwheat, as well as in
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AUCrel(G)between different types of DF added to buckwheat, was obtained in each of the study
groups (p>0.05).

There was no significant difference in A(G) and AUCrel(G) after lactulose administration
between the patient group and the control group (p>0.05). Upon ingestion of buckwheat with DF, the
increase in glycemia was expectedly greater in T2DM patients compared to the control group
(p<0.05). AUCrel(G) was significantly higher after taking buckwheat with DF in the group of patients
with T2DM compared to the control group (Figure 3).

p=0.05
250 —
p<0.05 221.6
i
200.7
200
@ 150
@
U
2
=
100
72.6 64.8
50 16
11.7
0 [ |
lactulose Buar gum inulin

m control group  m T2DM

Figure 3. Relative area under the glycemic curve [AUCrel(G) (mM*min from 0 to 180 min)] during
the test.

There was no significant difference in the duration of glucose rise depending on the food load
both in the group of patients with T2DM and in the control group, and no statistical difference in the
duration of glucose rise between the study groups (p>0.05). However, there was a tendency to a
shorter duration of glucose rise after taking buckwheat with DF in the control group compared to the
group of patients with T2DM.

There was a direct significant correlation was obtained between A(G) on inulin and on guar
gum. For example, in the T2DM group (0.617), p=0.019, in the control group (0.944), p=0.0001 (Figure
4 A,B), as well as between AUCrel(G) on inulin and on guar gum, in the T2DM group (0.582), p=0.029,
in the control group (0.806), p=0.005 (Figure 4 C,D).

R?=0.4435 R?=0.6648 o

L 4 3

2
L g
4
A(G) inulin
[EnY
(0]
L 2
2

A(G) inulin

o R, N W & U”
N
L 4

0 2 4 6 0 1 2 3
A(G) guar gum A(G) guar gum

(a) (b)
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Figure 4. Correlation between A(G) on inulin and on guar gum in the T2DM group (a) and in the
control group (b); and correlation between AUCrel(G) on inulin and on guar gum in the T2DM group
(c) and in the control group (d).

In addition, in the group of T2DM patients, there is a direct significant correlation between
AUCrel(G) on lactulose and on guar gum (0.568), p=0.043, and between the duration of glucose rise
on inulin and on lactulose (0.718), p=0.006 (Figure 5). However, there was no correlation between the
duration of glucose rise on lactulose and guar gum as well as on inulin and guar gum.

500 R
£ r=0568 R?=0.6228
2 400 p <0,05
u‘% 300
S 200
g
o

100
o ]
< * L 4

0
0 50 100 150 200

0 50 100 150 200
Duration (G) lactulose
(a) (b)

Figure 5. Correlation between AUCrel(G) on lactulose and on guar gum (a); between Duration (G) on
lactulose and on inulin (b) in the T2DM group..

AUCrel(G) lactulose

In the group of T2DM patients in the test with lactulose, significant direct correlations were
obtained between duration (G) and AUCabs(CH.) (0.707, p<0.01), between AUCrel(G)and
AUCabs(CHa) (0.824, p<0.01), as well as between A(G) and AUCabs(CHs) (0.773, p<0.01) (Figure
6A,B,C)). Significant direct correlations were also obtained between AUCrel(G) and AUCabs(CHa)
(0.624, p<0.05) in the guar gum test, suggesting a direct association of glucose elevation and CHs
production (Figure 6D). No correlations of H: elevation with postprandial glucose were found in this

group.


https://doi.org/10.20944/preprints202406.0385.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 6 June 2024 d0i:10.20944/preprints202406.0385.v1

300 300 .
>

250 __ 250 2_
$ 200 . T 200 o
< 150 8 150
'5 100 TS ‘2’ 100 .
2 50 50

0
0
50 50 100 150 200 0 50 100 150 200
Duration (G) AUCrel(G)
(a) (b)
300 200
>
R?=0.3373 = R? = 0.0699
¥ 200 ¥ 150 *
S * el
- n
8 100 8 100 R
S é 50
< @
0
100 0 200 400 600
AlG) AUCrel(G)

(o) (d)

Figure 6. Correlation between AUCabs (CH4) and duration(G) (a); AUCabs (CH4) and AUCrel(G)
(b); A(G) and AUCabs(CH4) (c) in the test with lactulose; AUCrel(G) and AUCabs (CH4) in the test
with guar gum (d) in the T2DM group.

In the control group, a direct correlation between A(G) and AUCabs(CHa) (0.646, p < 0.05) was
found in the inulin test, confirming the association of CHs production with greater glucose elevation.
In this group, a significant inverse correlation between A(G) and A(Hz) (-0.638, p=0.047) was found
in the test with gum, that is, a more pronounced rise in Hz> was associated with a smaller rise in

glucose (Figure 7).

400 . 80
—_ 2 _ 2 _
§ 300 . R*=0.0824 60 * R*=0.4067
> )
2 200 I 40

100
2 20 * o ®

0 ®oe® 0 *
0 1 2 3 4 0 1 2 3
A(G) A(G)
(a) (b)

Figure 7. Correlation between A(G) and AUCabs (CH4) in the test with inulin (a); A(G) and A(H2) in
the test with guar gum (b) in the control group.

4. Discussion
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In recent years, a growing body of evidence has highlighted the key role of the gut microbiota
in human health and disease. Its involvement in the regulation of carbohy-drate metabolism, as well
as in the prevention of obesity, arterial hypertension, and atherosclerosis has increased significantly
[35]. The gut microbiota is nowadays consi-dered as a "virtual organ" [36,37], capable of interacting
with many tissues and systems, as well as with the brain. The anaerobic environment of the colon is
home to 100 trillion microorganisms [38], more than 1000 microbial species [39], and the number of
microbial genes exceeds our own by a factor of 100 [40]. The gut microbiota, by forming metabolites
during fermentation of food components, influences systemic inflammation, intestinal permeability,
glucose and lipid metabolism, insulin sensitivity and overall energy homeostasis in the body [41].
The state of the intestinal microbiota is altered in the presence of T2DM. Thus, the amount of
Bifidobacterium, Bacteroides, Faecalibacterium, Akkermansia and Roseburia has an inverse
correlation with T2DM, while Ruminococcus, Fusobacterium and Blautia have a direct correlation
[42]. Some microorganisms stimulate the production of anti-inflammatory cytokines and
chemokines. Other microbes and their metabolites, such as lipopolysaccharides and trimethylamine-
N-oxide, contribute to metabolic endotoxemia, chronic inflammation, and T2DM [43].

Moreover, pathobionts, microorganisms involved in the development of pathological processes,
may play a role not only in the pathogenesis of T2DM, but also in type 1 diabetes mellitus (T1IDM)
[44,45,46]. Two sets of factors are of particular interest. One set includes those that contribute to
maintaining an optimal spectrum of microorganisms for preventing metabolic disorders. The other
set involves factors that lead to changes in the intestinal microbiota, ultimately resulting in the
progression of insulin resistance and systemic inflammation.

Gases released during fermentation of DF by intestinal microorganisms can have an
independent effect on metabolic processes in the human body. H2 is a major by-product of the
fermentation of food polysaccharides produced by many gut bacteria. Absorbed in the intestine, H2
can have systemic effects and actively influence the state of metabolism. Molecular H2 is known to
exert antioxidant effects [46]. In T2DM-mouse model, oral ingestion of H2 water stimulates energy
metabolism [47]. The positive therapeutic effect of drinking water enriched with H2 were confirmed
in clinical studies on patients with T2DM, obesity, non-alcoholic fatty liver disease,
hypertriglyceridemia, etc. [48,49,50]. Perhaps the exogenous administration of molecular H2 is
associated with the effect of "substitution therapy" that replenishes H2 deficiency in these
pathological conditions.

Another intestinal gas is CH4, which is produced by a group of archaea capable of reducing
CO2, methanol, and acetate to CH4, using H2 as an electron donor. CH4 is en-tirely a product of
archaea, as it is not produced or utilized by mammalian cells. Elevated concentrations of CH4 in the
intestine are associated with diseases such as irritable bowel syndrome with predominant
constipation [51], diverticulosis [52], and colorectal cancer [53]. There is also data on the relationship
between increased production of CH4 and a decrease in serotonin [54].

DF intake can result in varying responses in individuals, depending on the presence of methane-
producing archaea (MetArchs) in the large intestine. People can be classified into different groups:
those who release only H2 in exhaled air (indicating the absence of MetArchs), those who
predominantly release CH4 (indicating the presence of many MetArchs consuming H2), those who
release both CH4 and H2 (with relatively few MetArchs present), and those who do not release
significant amounts of H2 and CH4 (indicating poor intestinal flora). CH4 production in exhaled air
is observed in approximately one third of the adult population [55], with higher percentage
prevalence in women [56]. In our study up to 180 minutes in the test with lactulose, H2 production
increased in all control subjects but only in 84.6% of patients with T2DM. In these T2DM patients,
isolated production of CH4 was observed in 7.7% of them, and in 7.7% of T2DM patients didn’t
produce any significant amounts of either CH4 or H2. However, there among the subjects without
T2DM, all of them produced some level of gases. That is, among patients with T2DM there were more
people with low H2 production and/or with isolated CH4 production compared to the
normoglycemic subjects.


https://doi.org/10.20944/preprints202406.0385.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 6 June 2024 d0i:10.20944/preprints202406.0385.v1

11

A higher density of the intestinal MetArh population has been previously reported in obese
individuals compared with their normal weight peers. Interestingly, it has been reported that there
is a decrease in MetArch was observed after bariatric surgery [57].

The large production of CH4 in obese individuals has found its explanation in the hypothesis
that interspecies electron transfer of H2 between bacteria and archaea in-creases energy absorption
by the large intestine, and this favors weight gain [58]. The H2 taken by MetArch is converted to CH4,
and thus does not enter the bloodstream and consequently does not exert antioxidant effects. This in
turn increases oxidative stress, which can contribute to obesity [59]. If we consider increased CH4
production as an in-dicator of metabolic disorders and oxidative stress [60,61], H2 synthesis is an
indicator of metabolic health andthe state of antioxidant defense.

We found that AUCabs(H2) in T2DM patients was lower on any type of food load compared to
AUCabs(H2) in normoglycemic subjects. This may indicate an inverse association between H2
production and glycemic levels and an impaired hydrogen response to food intake in T2DM patients.
This finding is further supported by the presence of an inverse correlation in normoglycemic subjects
between A(G) and A(H2) in the guar gum test (-0.638, p=0.047), i.e. a more pronounced rise in H2 is
associated with a smaller rise in glucose.

Interestingly, the type of DF may influence H2 production. In our study, H2 production after
buckwheat porridge with inulin was greater than after the same portion of porridge with guar gum
or lactulose.

Although there was no significant difference in postprandial response to inulin and guar gum
administration, there were important correlations with CH4 levels. Elevation of CH4 levels correlated
directly with postprandial glycemia in the group of T2DM patients: significant direct correlations
were obtained between A(G) and AUCabs(CH4) (0.773) (p < 0.001) and duration (G) and
AUCabs(CH4) (0.707, p<0.01); AUCrel(G) and AUCabs(CH4) (0.824, p < 0.005) in the lactulose test,
suggesting a direct association of glucose elevation and CH4 production.

Study limitation. The median age of the control group was slightly lower compared to a similar
figure in T2DM patients. The T2DM patients were on different variants of glucose-lowering
medication, which may have influenced the composition of the intes-tinal microbiota and intestinal
gas production.

5. Conclusions

To our knowledge, this is the first study to investigate the relationship between postprandial
glycemic levels based on flash-monitoring and the production of intestinal H2 and CH4 gases based
on measurement of the amount of these gases in exhaled air. In 15.4% of patients with T2DM, there
was a non-significant increase in exhaled H2. How-ever, all subjects in the control group had
significant increase in exhaled H2. Moreover, the level of H2 in exhaled air after food load in patients
with T2DM was lower than in normoglycemic subjects. Also, in normoglycemic subjects there was
an inverse correlation between maximum glucose rise and maximum H?2 in exhaled air after food
load. At the same time in patients with T2DM the level of CH4 in exhaled air directly correlated with
the parameters of postprandial glycemia in the test with lactulose. The obtained data may indicate
the existence of a relationship between the level of intestinal gases and postprandial glycaemia.
Further study of the relationship between intestinal gas production and postprandial glycaemia in
patients with T2DM in a larger sample and on different types of sugar-lowering therapy is needed.
Confirmation of a causal relation-ship between decreased H2 production, increased intestinal CH4
production and more severe postprandial glycemia may identify new therapeutic targets in the
correction of postprandial glycemia in patients with T2DM.
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